Enseñanza de las matemáticas discretas utilizando software libre by Villalpando, José Francisco & Pantoja, Rafael
8""
"IN@^<IU<!@)<N*<O@HYOD><N!DN>M@O<N2ODGDU<I?J0JAOR<M@
)D=M@
'JN\#M<I>DN>J3DGG<GK<I?J@>@MM<
/<A<@G-<IOJE</<IB@G
 @IOMJ2IDQ@MNDO<MDJ?@ D@I>D<N"S<>O<N@&IB@ID@M]<N
2IDQ@MND?<??@
$P<?<G<E<M<*\SD>J
EJN@QDGG<GK<I?JM@?>P>@DP?BHS
MK<IOJE<KMJ?DBTI@OHS
Resumen 
"I G<2IDQ@MND?<??@$P<?<G<E<M< N@C< NPB@MD?J G< PODGDU<>D_I ?@ NJAOR<M@
GD=M@K<M<LP@N@<DI>GPD?J@IG<H<O@MD<*<O@HYOD><N!DN>M@O<N)<HDNH<N@
DHK<MO@@IG<NDIB@ID@M]<N@IDIAJMHYOD><T@I>JHKPO<>D_I@I<GBPIJN?@GJN
 @IOMJN 2IDQ@MNDO<MDJN ?@ G< 2IDQ@MND?<? ?@ $P<?<G<E<M< -<M< >PHKGDM GJN
J=E@ODQJN T >JHK@O@I>D<N ?@G >JIO@ID?J O@HYOD>J ?@ ?D>C< H<O@MD< N@
@G<=JM<MJI ?D@>DN\DN <>ODQD?<?@N ?D?Y>OD><N @IAJ><?<N @I KMJ=G@H<N
>JOD?D<IJN
 ><?< PIJ ?@=@ N@M M@NP@GOJ <KJT<?J @I @GH<I@EJ ?@ ?DQ@MN<N
C@MM<HD@IO<N>JHKPO<>DJI<G@NT?@NJAOR<M@GD=M@
Introducción 
!@N?@ C<>@ HYN ?@  <^JN N@ C< <>JNOPH=M<?J LP@ LPD@I Q@I?@ PI
KMJBM<H< ?@ H<O@HYOD><N DHKJIB< G<N >JI?D>DJI@N =<EJ G<N LP@ KP@?J
PN<MGJ
KMJCD=D@I?J
KJM@E@HKGJ
LP@N@G@K<N@<PI<HDBJ!D>CJNJAOR<M@

IJ ND@HKM@ KP@?@ <?<KO<M < IP@NOM<N I@>@ND?<?@N
 ID NDLPD@M< KJ?@HJN
>JMM@BDMNPN@MMJM@N
?@=D@I?J@NK@M<M<LP@@GA<=MD><IO@GJN<MM@BG@"NOJIJ
OD@I@KJMLP\N@M<N]
T@NKM@>DN<H@IO@@GNJAOR<M@GD=M@@GLP@>JI>@?@G<N
GD=@MO<?@NLP@@GNJAOR<M@>JH@M>D<GID@B<
N]KP@N@GO\MHDIJNJAOR<M@GD=M@N@M@AD@M@<GD=@MO<?
O<G>JHJAP@>JI>@=D?J
KJM /D>C<M? 0O<GGH<I
 KMJBM<H<?JM @NO<?JPID?@IN@ T ADBPM< M@G@Q<IO@ ?@G
HJQDHD@IOJKJM@GNJAOR<M@GD=M@@I@GHPI?J
ND@GPNP<MDJOD@I@G<NNDBPD@IO@N
GD=@MO<?@NJ?@M@>CJN
 )D=@MO<? K<M< @E@>PO<M @G KMJBM<H< @I >P<GLPD@M NDODJ
 >JI >P<GLPD@M
KMJK_NDOJTK<M<ND@HKM@
 )D=@MO<?K<M<@NOP?D<MGJT<?<KO<MGJ<IP@NOM<NI@>@ND?<?@N
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
9""
 )D=@MO<??@ M@?DNOMD=P>D_I
 ?@HJ?JLP@ N@IJNK@MHDO< >JG<=JM<M >JI
Q@>DIJNT<HDBJN
 )D=@MO<?K<M<H@EJM<M@GKMJBM<H<TKP=GD><MG<NH@EJM<N
"NO<N GD=@MO<?@N @SDB@I @G >_?DBJ AP@IO@ ?@G KMJBM<H< )<N HDNH<N N@
KP@?@I B<M<IODU<M
 ?@ <>P@M?J >JI G< G@B<GD?<? QDB@IO@
 KJMH@?DJ ?@ PI<
GD>@I>D< "I @GG< N@ KG<NH<I G<N GD=@MO<?@N
 K@MJ O<H=D\I M@NOMD>>DJI@N
>JHK<OD=G@N >JI @GG<N
 >JHJ ?<M >M\?DOJ < GJN <POJM@N JMDBDI<G@N ND N@
M@?DNOMD=PT@&I>GPNJKP@?@J=GDB<M<LP@GJNKMJBM<H<N<E@IJNH@EJM<?JNKJM
IJNJOMJN O<H=D\IN@<I GD=M@N
KMJHJQD@I?J<N] G<>M@<>D_I?@HYNNJAOR<M@
GD=M@!@+YKJGD

"GO\MHDIJJMDBDI<G@IDIBG\NK<M<NJAOR<M@GD=M@@NAM@@NJAOR<M@0DI@H=<MBJ
@IDIBG\N@GO\MHDIJAM@@
<?@HYN?@GD=M@NDBIDAD><BM<ODN
GJLP@B@I@M<BM<I
>JIAPND_I N] KP@N IJ @NO<HJN C<=G<I?J ?@ NJAOR<M@ BM<OPDOJ
 @G NJAOR<M@
GD=M@ N@ KP@?@ Q@I?@M ND N@ ?@N@< -@MJ ?@=D?J < G< O@M>@M< GD=@MO<?

>P<GLPD@M<KP@?@M@?DNOMD=PDMGJNDIK@?DM?DI@MJ<><H=DJIDK@MHDNJ<I<?D@

GJLP@C<>@KMY>OD><H@IO@ DHKJND=G@J=O@I@M?DI@MJKJM?DNOMD=PDMGJ
N<GQJ G<
K@LP@^< ><IOD?<?LP@ N@KP@?< ><MB<M KJM BM<=<MGJ @IPI NJKJMO@ A]ND>J T
@IQD<MGJ
<GBJM<M<H@IO@?@H<I?<?J@S>@KOJK<M<BM<I?@NQJG`H@I@N
>JHJ
@N@G><NJ?@G<N?DNOMD=P>DJI@N
"IOJI>@N
 0JAOR<M@GD=M@es diferente<NJAOR<M@BM<OPDOJ
 "GNJAOR<M@GD=M@@NPI<>P@NOD_I?@GD=@MO<?
IJ?@KM@>DJ
 "G NJAOR<M@ GD=M@ @N PI< >P@NOD_I ?@ ?@M@>CJN
 IJ PI< >P@NOD_I ?@
O@>IJGJB]<
 )JLP@?@>D?@NDPIKMJBM<H<@NJIJGD=M@
@NG<GD>@I>D<=<EJG<>P<G@G
KMJBM<H<N@?DNOMD=PT@2I<GD>@I>D<?@NJAOR<M@@NPI>JIOM<OJ@IOM@@G
ODOPG<M?@G>JKTMDBCO?@M@>CJ?@>JKD<NJ=M@PINJAOR<M@
T@GPNP<MDJ

LP@ @NO<=G@>@ LP@ >JN<N @G PNP<MDJ KP@?@ C<>@M >JI @G KMJBM<H< T
>PYG@NIJ
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
10""
2I< Q@IO<E< ?@ PN<M NJAOR<M@ GD=M@ @I G< ?J>@I>D<
 @I K<MOD>PG<M @I G<
@IN@^<IU< ?@ G<N H<O@HYOD><N
 @N LP@ N@ KP@?@I ?DNOMD=PDM >JKD<N ?@G
KMJBM<H< G@B<GH@IO@ < GJN <GPHIJN "NOJ K@MHDO@ LP@ KP@?<I PODGDU<M @G
KMJBM<H< @I NPN ><N<N )< GD>@I>D< ?@G KMJBM<H< IJN <POJMDU< < C<>@MGJ
3DGG<GK<I?J@>@MM<

)<PODGDU<>D_I?@NJAOR<M@GD=M@@IG<@IN@^<IU<?@G<N*<O@HYOD><N!DN>M@O<N
N@?<?@H<I@M<I<OPM<G
 T< LP@@NO<N NJI >JIND?@M<?<N >JHJPI<?@ G<N
YM@<N ?@ G<N H<O@HYOD><N HJ?@MI<N LP@ C< @SK@MDH@IO<?J H<TJM
>M@>DHD@IOJ@IGJN`GODHJN<^JN
?@=D?JKMDI>DK<GH@IO@<NP@NOM@>C<M@G<>D_I
>JI @G ?@N<MMJGGJ T @QJGP>D_I ?@ G<N >JHKPO<?JM<N 3DGG<GK<I?J @>@MM< T
$<M>]<0<I?JQ<G

)<N*<O@HYOD><N!DN>M@O<N@NOP?D<IGJN>JI>@KOJNLP@OD@I@IPIYH=DOJADIDOJ
T NPMB@ >JHJ PI< ?DN>DKGDI< LP@ PIDAD>< ?DQ@MN<N YM@<N
 @I <K<MD@I>D< O<I
?DNK@MN<N
 >JHJ GJ NJI G_BD>< T >YG>PGJ KMJKJND>DJI<G
 O@JM]< ?@ >JIEPIOJN

O@JM]< ?@ BM<AJN
 O@JM]< ?@ YM=JG@N
 >JH=DI<OJMD<
 YGB@=M< =JJG@<I<

M@G<>DJI@N
DI?P>>D_IH<O@HYOD><
<IYGDNDNT?DN@^J?@<GBJMDOHJN
M@G<>DJI@N
=DI<MD<N
M@G<>DJI@N?@M@>PMM@I>D<
@O>
Matemáticas Discretas y software libre en la Universidad de Guadalajara 
"IGJN @IOMJN2IDQ@MNDO<MDJN?@ D@I>D<N"S<>O<N@&IB@ID@M]<N 2 "&
?@
GJNGOJN  2GOJN
?@ G< D\I@B< 2 D\I@B<
?@ GJN)<BJN  2)<BJNT
?@G< JNO< 2 JNO<?@G<2IDQ@MND?<??@$P<?<G<E<M<2?@$N@DHK<MO@I
G<N ><MM@M<N ?@ DIB@ID@M]< @I >JHKPO<>D_I @ DIB@ID@M]< DIAJMHYOD><
 >PTJN
KG<I@N?@@NOP?DJC<NND?JHJ?DAD><MJIM@>D@IO@H@IO@"IGJN?D>OYH@I@N?@G
%  JIN@EJ $@I@M<G 2IDQ@MNDO<MDJ < T = N@ <>G<M< LP@ ?D>CJN
KG<I@N?@=@IN@M?@AJMH<HJ?PG<MTKJM>JHK@O@I>D<N
2I<?@G<NKMDI>DK<G@NHJ?DAD><>DJI@N<?D>CJNKG<I@N?@@NOP?DJ>JINDNOD_@I
DI>GPDM G< H<O@MD< & *<O@HYOD>< !DN>M@O< @I <H=<N DIB@ID@M]<N @I @G
KMDH@M N@H@NOM@ >JHJ H<O@MD< J=GDB<OJMD<
 G< >P<G >JMM@NKJI?@ <G YM@< ?@
AJMH<>D_I =YND>< >JH`I T <G H_?PGJ  ?@IJHDI<?J <MLPDO@>OPM< T
KMJBM<H<>D_I?@NDNO@H<N
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
11""
"I@G>JIO@ID?JO@HYOD>J?@G<HDNH<N@DI>GPT@>JHJJ=E@ODQJ@GH<I@EJ?@
C@MM<HD@IO<N >JHKPO<>DJI<G@N @I G< M@NJGP>D_I ?@ KMJ=G@H<N T >JHJ
>JHK@O@I>D< < ?@N<MMJGG<M @GH<I@EJ ?@ G<H<O@HYOD>< >JHJ G@IBP<E@ K<M<
GJN NDNO@H<N DIO@GDB@IO@N T PODGDU<>D_I ?@ NJAOR<M@ GD=M@ K<M< G< NJGP>D_I ?@
KMJ=G@H<N
Marco Teórico 
MM<OD<
 'Y^@U
 *<MO]I
 T -\M@U  HP@NOM<I G< M@G<>D_I @IOM@ G<
H<O@HYOD><TG<N1& 
<ADMH<I?JGJNBM<I?@N<Q<I>@N@IG<DIAJMHYOD><TG<
>JHPID><>D_I?@GJN`GODHJN<^JNC<>@IKM@Q@MPI<M@QJGP>D_ILP@@NOYN_GJ
@I NPN DID>DJN )<N IP@Q<N O@>IJGJB]<N N@ PODGDU<I K<M< >JHPID><MN@
 >JHJ
C@MM<HD@IO< ?@ OM<=<EJ T O<H=D\I >JHJ DINOMPH@IOJ ?@ J>DJ K<M@>@I @I
OJ?<NG<NK<M>@G<N?@G<QD?<<>OP<G
?@N?@G<DIQ@NODB<>D_I>D@IO]AD><C<NO<@G
HPI?J?@G<@HKM@N<
K<N<I?JKJMG<@IN@^<IU<"I@NO<`GODH<
N@KP@?@
>JIND?@M<M LP@ @G PNJ ?@ @NOJN <Q<I>@N A<QJM@>@ @G ?@N<MMJGGJ ?@
><K<>D?<?@NDIO@G@>OP<G@NTG<<?LPDND>D_I?@?@NOM@U<NKJMK<MO@?@G<GPHIJ

H@?D<IO@PI<IP@Q<AJMH<?@JMB<IDU<M
?DNOMD=PDM
 M@KM@N@IO<MT>J?DAD><M G<
M@<GD?<?
)<PODGDU<>D_I?@NJAOR<M@ GD=M@@I G<@IN@^<IU<?@ G<NH<O@HYOD><NK@MHDO@
LP@GJN<GPHIJNKP@?<IPODGDU<MGJ@INPN><N<NKP@NG<GD>@I>D<?@GKMJBM<H<
<POJMDU<<C<>@MGJ,OM<Q@IO<E<@NLP@K@MHDO@<>>@?@M<G>JIJ>DHD@IOJLP@
C<T ?@OMYN ?@G NJAOR<M@ 2ODGDU<I?J NJAOR<M@ GD=M@
 O<IOJ <GPHIJN >JHJ
?J>@IO@NKP@?@I
KJM@E@HKGJ
>JINPGO<M@G<GBJMDOHJLP@PODGDU<@GKMJBM<H<
K<M<M@<GDU<M?@O@MHDI<?J>YG>PGJ
 DI>GPNJKP@?@IOJH<M@G>_?DBJAP@IO@@I
NPN H<IJN T H@EJM<MGJ
 J <?<KO<MGJ K<M< C<>@M <GBJ ?DA@M@IO@ 3DGG<GK<I?J
@>@MM<
@O<G

0@B`IBP?@GJT#GJM@N@I@G><HKJ?@G<?D?Y>OD><
>P<I?JN@C<=G<
?@ <>ODQD?<?@N
 N@ C<>@ M@A@M@I>D< < G<N @E@M>DO<>DJI@N LP@ ?DN@^<?<N T
KG<IDAD><?<N
 OD@I@I G< ADI<GD?<? LP@ H@?D<IO@ PI >JIEPIOJ ?@ KMY>OD><N
>JIODI`<N>@IOM<?<N@IGJN@?P><I?JN
N@GJBM@IGJNJ=E@ODQJNKMJKP@NOJN
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
12""
$_H@UH<IDAD@NO<LP@ G<N<>ODQD?<?@NNJI@GH@?DJK<M<HJQDGDU<M@G
@IOM<H<?J ?@ >JHPID><>DJI@N LP@ N@ KP@?@I @NO<=G@>@M @I >G<N@ G<N
M@G<>DJI@NLP@<GG]N@>M@<I?@ADI@IGJN?DA@M@IO@NK<K@G@N?@GKMJA@NJM<?JT
@G@NOP?D<IO<?J!@@NO@HJ?J
G<N<>ODQD?<?@N
TG<NN@>P@I>D<NLP@AJMH<I

O@I?MYI PIJN T JOMJN @A@>OJN @?P><ODQJN @I API>D_I ?@ G<N ><M<>O@M]NOD><N
@NK@>]AD><N?@G<NM@G<>DJI@NLP@KJND=DGDO<I
)< HDNH< <POJM< <ADMH< LP@ ?@N?@ @NO@ KPIOJ ?@ QDNO<
 G<N <>ODQD?<?@N
?D?Y>OD><N<=<M><I O<IOJ G<N<>OP<>DJI@N?@G?J>@IO@T?@G@?P><I?J >JHJ
G<NDIO@M<>>DJI@NLP@?@@GG<NN@?@MDQ<I)<H<I@M<?@M@G<>DJI<MN@@I>G<N@
T@GBM<?J?@K<MOD>DK<>D_I?@?J>@IO@NT@NOP?D<IO@N@NO<MY@IAPI>D_I?@G<
>JI>@K>D_I ?@G <KM@I?DU<E@ LP@ N@ H<I@E@ )<N <>ODQD?<?@N LP@ @NOYI
DIH@MN<N @I GJN KMJ>@NJN ?D?Y>OD>JN
 >JIOMD=PT@I <G GJBMJ ?@ G<N
>JHK@O@I>D<N
 < G< >JINOMP>>D_I ?@ GJN <KM@I?DU<E@N KJM K<MO@ ?@ GJN
?DN>]KPGJNTA<QJM@>@G<API>D_IH@?D<?JM<?@G?J>@IO@
"IOJI>@NN@KP@?@?@>DM LP@ G<N<>ODQD?<?@N?D?Y>OD><NNJIPI DINOMPH@IOJ
LP@ JMB<IDU< T >JJM?DI< DIO@I>DJI<GH@IO@ G<N <>>DJI@N ?@ ?J>@IO@N T
<GPHIJN
@IAPI>D_I?@GN@IOD?J?@G<KM@I?DU<E@LP@N@?@N@<KMJHJQ@M
-<M< G<H<O@MD< &*<O@HYOD><N!DN>M@O<N G<KG<IDAD><>D_I?@ G<NHDNH<N
N@ >@IOM_ @I G< DIO@M<>>D_I @IOM@@G >JIO@ID?J O@HYOD>J
 @G?J>@IO@ T @G
<GPHIJ
Metodología
-<M< >PHKGDM GJN J=E@ODQJN T >JHK@O@I>D<N ?@G >JIO@ID?J O@HYOD>J ?@ G<
H<O@MD< &*<O@HYOD><N !DN>M@O<N N@ @G<=JM<MJI K<M< @G >PMNJ ?D@>DN\DN
<>ODQD?<?@N?D?Y>OD><N
LP@>JDI>D?@I>JI G< ><IOD?<??@N@H<I<N@A@>ODQ<N
?@ >G<N@N
 G<N >P<G@N N@?DN@^<MJI?@ O<G AJMH<LP@ N@?@=@@IOM@B<MYI G<
KMDH@M< <G ADI<G ?@ G< KMDH@M< N@H<I< ?@ >G<N@N
 G< N@BPI?< <G ADI<G ?@ G<
N@BPI?<N@H<I<T<N]NP>@NDQ<H@IO@C<NO<>JHKG@O<MOJ?<NG<N<>ODQD?<?@N
"I><?<PI<N@@GDBD_PIKMJ=G@H<
KM@A@M@IO@H@IO@>JOD?D<IJ
@IAJ><?J@I
<GBPI< YM@< @NK@>]AD>< ?@ G<N *<O@HYOD><N !DN>M@O<N
 <?@HYN ?@ LP@ @G
HDNHJKP@?<N@MM@NP@GOJPODGDU<I?JNJAOR<M@GD=M@
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
13""
"IG<?DM@>>D_I
COOKCTK<OD<>P>@DP?BHSM@AJMH<>PMNJNH<O?DN>M@O<<>ODQD?<?@NKCK
ADBPM<
N@<GJE<MJI@IG]I@<OJ?<NG<N<>ODQD?<?@N?D?Y>OD><N@IAJMH<OJ4JM? <?<
<GPHIJ ?@=@ ?@N><MB<MG<N T >JIO@NO<MG<N ?DM@>O<H@IO@ @I @G <M>CDQJ
?@N><MB<?J"I@GHDNHJN@?@=@IDI>GPDM OJ?JNGJN>YG>PGJNM@<GDU<?JNJG<
><KOPM<?@K<IO<GG<>JMM@NKJI?D@IO@
N@B`IN@<@G><NJ
KJNO@MDJMH@IO@?@=@
N@MDHKM@NJT@IOM@B<?J<GKMJA@NJM@I@GOD@HKJN@^<G<?J

Figura 2=D><>D_I?@G<N<>ODQD?<?@N?D?Y>OD><N 
 JHJN@H@I>DJI_
G<N*<O@HYOD><N!DN>M@O<NPIDAD><I?DQ@MN<NYM@<N?@G<N
H<O@HYOD><N
 KJM GJ LP@ GJN >MDO@MDJN H]IDHJN LP@ @G NJAOR<M@ GD=M@ ?@=]<
>PHKGDM K<M< N@M >JIND?@M<?J >JHJ PI KMJ?P>OJ QD<=G@ K<M< M@NJGQ@M GJN
KMJ=G@H<N?@G<N<>ODQD?<?@N?D?Y>OD><NAP@MJIGJNNDBPD@IO@N
 0@M PI NJAOR<M@ GD=M@ N@<KGDLP@<PIYM@<@NK@>]AD><?@ G<*<O@HYOD><
!DN>M@O<TLP@M@NP@GQ<KMJ=G@H<NKMJKDJN?@@N<YM@<
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
14""
  JIO<M>JI?J>PH@IO<>D_I?@ DINO<G<>D_ITH<IP<G?@PNP<MDJ
@I><NJ
?@ IJ >JIO<M ?DM@>O<H@IO@
 LP@ @SDNO< DIAJMH<>D_I @I DIO@MI@O ?@ >_HJ
C<>@MGJ
  JIO<M>JIPI<NDNO@IO@?@ DINO<G<>D_I
@I><NJ?@>JI>JIO<M>JIPIJ

LP@NPDINO<G<>D_IN@<N@I>DGG<
 -J?@MN@MDINO<G<?J@I?DA@M@IO@NNDNO@H<NJK@M<ODQJN
Resultados  
!@NKP\N ?@ PI <IYGDNDN @SC<PNODQJ
 KJM K<MO@ ?@ GJN <POJM@N
 ?@G NJAOR<M@
GD=M@K<M<M@NJGQ@MGJNKMJ=G@H<N?@G<N<>ODQD?<?@N?D?Y>OD><NN@@GDBD@MJIGJN
KMJBM<H<N Magrada K<M< BM<AJN T YM=JG@N
 Wiris K<M< M@G<>DJI@N T
>JH=DI<OJMD<
 Dia K<M< @SKM@NDJI@N =JJG@<I<N T =<N@N ?@ ?<OJN
 Windis
O<H=D\IK<M< BM<AJN T YM=JG@N T Maxima K<M< M@G<>DJI@N T >JH=DI<OJMD<
>JIODIP<>D_IN@?@N>MD=@=M@Q@H@IO@><?<PIJGJNKMJBM<H<NH@I>DJI<?JN
MaGraDa
"NPI<KKG@OBM<OPDOJKMJBM<H<?J@I'<Q<T?DN@^<?J@NK@>]AD><H@IO@K<M<
OM<=<E<M >JI BM<AJN T YM=JG@N 1M<=<E< >JI BM<AJN O<IOJ ?DMDBD?JN >JHJ IJ
?DMDBD?JNADBPM<TKJI?@M<?JN>JHJIJKJI?@M<?JN"NN@I>DGGJT>_HJ?J
?@H<I@E<M
@NOY=<N<?J@IH@I`NNJ=M@K<IO<GG<T>JINO<?@?JNK<IO<GG<N
?@ QDNP<GDU<>D_I )< ?DM@>>D_I ?JI?@ N@ KP@?@ ?@N><MB<M @N
COOKRRR?>>D<P<@NVEK@I<?@N*<$M<!<*<$M<!<COHG
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
15""

Figura $M<AJIJ?DMDBD?J@I*<$M<!<
WirisJIGDI@
"NPI<KG<O<AJMH<?@>YG>PGJH<O@HYOD>JLP@API>DJI<kJIGDI@l<OM<Q\N?@
>P<GLPD@MI<Q@B<?JM?@&IO@MI@OPODGDU<I?JPI<KKG@O?@'<Q<
@GHDNHJKP@?@
N@M @E@>PO<?J ?DM@>O<H@IO@ @I G< ?DM@>>D_I
COOKRRRRDMDNI@OH@GDGG<@NRDMDN@NDI?@SCOHG"SDNO@PI<Q@MND_IkJAA GDI@l
?@IJHDI< 4DMDN )DOOG@ LP@ KP@?@ ?@N><MB<MN@ ?@ G< ?DM@>>D_I
COOKRRRRDMDN>JH?JRIGJ<?=MPIJRDI?JRNN@OPK@S@
 JI4DMDNN@KP@?@IM@<GDU<MJK@M<>DJI@N>JII`H@MJN@IO@MJN
 M<>DJI<G@N

M<?D><G@N
 ?@>DH<G@N
 M@<G@N T >JHKG@EJN #PI>DJI@N OM<N>@I?@IO@N ?@
Q<MD<=G@M@<G@NOMDBJIJH\OMD><N
@SKJI@I>D<G@NTGJB<M]OHD><N-MJBM@NDJI@N
<MDOH\OD><N T B@JH\OMD><N -@MHPO<>DJI@N T >JH=DI<>DJI@N )DNO<N T
>JIEPIOJN 2ID_I
 DIO@MN@>>D_I T >JHKG@H@IO<MDJ ?@ GDNO<N T >JIEPIOJN
#<>OJMD<GT>J@AD>D@IO@N=DIJHD<G@NGBPIJN>YG>PGJN>JI4DMDNN@HP@NOM<I
@IG<ADBPM<
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
16""

Figura  YG>PGJNM@<GDU<?JN@I4DMDN
Dia  
"N PI @?DOJM ?@ ?D<BM<H<N LP@ NJKJMO< HYN ?@  ODKJN ?@ ?D<BM<H<N
?DA@M@IO@N
 O<G@N >JHJ ?D<BM<H<N ?@ AGPEJ
 ?D<BM<H<N ?@ M@?
 HJ?@GJN ?@
=<N@N ?@ ?<OJN ADBPM< 
 @SKM@NDJI@N =JJG@I<N
 >DM>PDOJN G_BD>JN
 @O>
?@HYN OD@I@ PI< BM<I ><IOD?<? ?@ J=E@OJN KM@QD<H@IO@ ?DN@^<?JN LP@
<TP?<I<?D=PE<M?D<BM<H<NKMJA@NDJI<G@N"GHDNHJN@KP@?@?@N><MB<M?@
G<?DM@>>D_ICOOK?D<DINO<GG@M?@?JRIGJ<?DI?@SCOHG

Figura!D<BM<H<M@<GDU<?J@I!D<
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
17""
Windisc 
"N PI >JIEPIOJ ?@ NP=KMJBM<H<N BM<OPDOJN
 LP@ N@ J>PK<I ?@ O@H<N ?@
*<O@HYOD><N!DN>M@O<N
 O<G@N>JHJ@GKMJ=G@H<?@GQD<E<IO@
YM=JG@N
BM<AJN

>JGJM@<?J?@H<K<N
>DM>PDOJN?@"PG@MT?@%<HDGOJI
@O>1<H=D\IN@KP@?@
OM<=<E<M>JIBM<AJNO<IOJ?DMDBD?JN>JHJIJ?DMDBD?JNADBPM<TKJI?@M<?JN
>JHJ IJ KJI?@M<?JN 0@ KP@?@ ?@N><MB<M ?@ G< ?DM@>>D_I
COOKH<OC@S@O@M@?PMK<MMDNRDI?DN>COHG

Figura $M<AJIJ?DMDBD?J@I*<$M<!<
Maxima
"NPINDNO@H<?@<GB@=M<>JHKPO<>DJI<G 0
KJMNPNNDBG<N@IDIBG@N
K<M<
G< H<IDKPG<>D_I ?@ @SKM@NDJI@N NDH=_GD><N T IPH\MD><N
 DI>GPT@I?J
?DA@M@I>D<>D_I
 DIO@BM<>D_I
@SK<IND_I@IN@MD@N?@1<TGJM
 OM<INAJMH<?<N?@
)<KG<>@
 @>P<>DJI@N ?DA@M@I>D<G@N JM?DI<MD<N
 NDNO@H<N ?@ @>P<>DJI@N
GDI@<G@N
 Q@>OJM@N
 H<OMD>@N
 >JH=DI<OJMD< ADBPM< 
 JK@M<>DJI@N >JI
>JIEPIOJNTO@INJM@N
*<SDH< KMJ?P>@ M@NPGO<?JN ?@ <GO< KM@>DND_I PN<I?J AM<>>DJI@N @S<>O<N

I`H@MJN @IO@MJN ?@ KM@>DND_I <M=DOM<MD< T I`H@MJN ?@ >JH< AGJO<IO@ >JI
KM@>DND_IQ<MD<=G@3DGG<GK<I?J@>@MM<
?D>DJI<GH@IO@KP@?@BM<AD><M
API>DJI@N T ?<OJN @I ?JN T OM@N ?DH@INDJI@N 0@ KP@?@ ?@N><MB<M ?@ G<
?DM@>>D_ICOOKH<SDH<NJPM>@AJMB@I@O
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
18""

Figura  YG>PGJN?@>JH=DI<OJMD<M@<GDU<?JN@I*<SDH< 
"IG<O<=G<N@HP@NOM<IG<N?D@>DN\DN<>ODQD?<?@N?D?Y>OD><N?DN@^<?<NK<M<
@G >PMNJ
 <N] >JHJ @G NJAOR<M@ GD=M@ >JI @G LP@ N@ ?@=@I ?@ M@NJGQ@M GJN
KMJ=G@H<NDI>GPD?JN@IG<NHDNH<N
1<=G<
Actividades didácticas y software libre utilizado. 
>ODQD?<?!D?Y>OD>< 0JAOR<M@GD=M@PODGDU<?J
,K@M<>DJI@NNJ=M@M@G<>DJI@N
"SKM@NDJI@N=JJG@<I<N
 /@KM@N@IO<>D_I ?@ JK@M<>DJI@N NJ=M@ M@G<>DJI@N >JI
H<OMD>@N
 JHKJND>D_I?@?JNM@G<>DJI@N
<N@N?@?<OJNTM@G<>DJI@N
 G<N@N?@@LPDQ<G@I>D<
-@MHPO<>DJI@NT>JH=DI<>DJI@N
 /JHK@><=@U<N  HYN K@MHPO<>DJI@N T
*<SDH<
!D<
*<SDH<
4DMDN
!D<
*<SDH<
*<SDH<
*<SDH<
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
19""
>JH=DI<>DJI@N
&?@IOD?<?@N>JH=DI<OJMD<N
-MJKD@?<?@N?@G1MDYIBPGJ?@-<N><G
-MJ=G@H<?@G><HDIJHYN>JMOJ
$M<AJNDNJHJMAJN
-<N@JNT>DM>PDOJN?@"PG@M
-<N@JNT>DM>PDOJN?@%<HDGOJI
 JGJM@<?J?@BM<AJNTI`H@MJ>MJHYOD>J
$M<AJN@IB@I@M<G
*<SDH<
*<SDH<
*<$M<!<
*<$M<!<
*<$M<!<
4DI?DN>
4DMDNT4DI?DN>
*<$M<!<T4DI?DN>
Alcances y limites 
"G>JIO@ID?JO@HYOD>J?@G<H<O@MD<&*<O@HYOD><N!DN>M@O<N@N@GHDNHJ
K<M< G<N><MM@M<N?@ DIB@ID@M]<@I>JHKPO<>D_I@ DIB@ID@M]< DIAJMHYOD><LP@
N@ DHK<MO@ @I GJN >@IOMJN PIDQ@MNDO<MDJN  2 "&
  2GOJN
  2 D\I@B<

 2)<BJNT 2 JNO<
ND@I?JG<KMDH@M<J><ND_ILP@N@PODGDU<NJAOR<M@ GD=M@
K<M<G<@IN@^<IU<?@G<H<O@MD<
)<N <>ODQD?<?@N ?D?Y>OD><N
 N@ ?DN@^<MJI KJM K@OD>D_I ?@G !DM@>OJM ?@ G<
!DQDND_I?@"G@>OM_ID><T JHKPO<>D_I!&3" ?@G 2 "&
?@N>JIJ>D@I?JND
G<NHDNH<NC<IND?JPODGDU<?<N@IGJN?@HYN>@IOMJNPIDQ@MNDO<MDJN
T<LP@GJN
`ID>JNKMJA@NJM@NLP@M@>D=D@MJI><K<>DO<>D_INJ=M@@GPNJ?@GNJAOR<M@GD=M@
TG<ADGJNJA]<?@G<NHDNH<NAP@MJIKM@>DN<H@IO@GJN?@ 2 "&
GN@MG<KMDH@M<J><ND_I@IG<LP@N@PODGDU<NJAOR<M@GD=M@K<M<G<@IN@^<IU<
?@ G<N *<O@HYOD><N !DN>M@O<N <GBPIJN ?@ GJN @NOP?D<IO@N M@>JIJ>D@MJI
KJND=G@N A<GG<N
 LP@ ?@=@I N@M NPK@M<?<N
 @I M@G<>D_I <G H<I@EJ ?@ G<N
<>ODQD?<?@N?D?Y>OD><NT?@G<N<>ODOP?@NLP@N@<NPH@I<GOM<=<E<M>JI@NO@
ODKJ?@<>ODQD?<?@N
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
20""
)< H<O@MD< IJ N@ DHK<MO@ @I IDIB`I G<=JM<OJMDJ ?@ >_HKPOJ
 T< LP@ G<
OJO<GD?<??@ GJN@NOP?D<IO@N>P@IO<I>JI>JHKPO<?JM<T<N@<K@MNJI<GJ?@
@N>MDOJMDJ  
Ejemplo de actividad didáctica 
"I><?<<>ODQD?<??D?Y>OD><N@ DID>D<>JIPI< DIOMJ?P>>D_I?@G O@H<< OM<O<M

@I<GBPIJN><NJNO<H=D\IKM@N@IO<<GB`IPI@E@HKGJN@I>DGGJ
KJNO@MDJMH@IO@
N@DI?D><@ILP\>JINDNO@@GKMJ=G@H<<M@NJGQ@M<N]>JHJ?DQ@MN<NKM@BPIO<N
M@G<>DJI<?<N>JI@GHDNHJ
TADI<GH@IO@>JILP\NJAOR<M@?@=@N@MM@NP@GOJ
"I G< ADBPM<  N@ HP@NOM< G< <>ODQD?<? ?D?Y>OD>< 
 ?@IJHDI<?<
kK@MHPO<>DJI@NT>JH=DI<>DJI@Nl"IG<HDNH<N@KM@N@IO<G<DIOMJ?P>>D_I<G
O@H<<OM<O<M
<?@HYN?@PIK@LP@^J@E@HKGJ
 
Figura >ODQD?<??D?Y>OD><DIOMJ?P>>D_I
"IO<IOJLP@@IG<ADBPM<N@J=N@MQ<PI<Q<MD<IO@?@GEP@BJ?@G<N><ID><N
LP@ C<T @I G< A@MD<N
 @G >P<G N@MY @G KMJ=G@H< < OM<O<M -JNO@MDJMH@IO@ N@
DI?D><>JILP\NJAOR<M@GD=M@N@M@NJGQ@MYIG<NKM@BPIO<NM@G<>DJI<?<N>JI@G
KMJ=G@H<
LP@@I@NO@><NJNJIND@O@
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
21""
 
Figura >ODQD?<??D?Y>OD><KMJ=G@H<<M@NJGQ@M 
Conclusiones 
0D K<MODHJN ?@G >JIQ@I>DHD@IOJ ?@ LP@ G< @?P><>D_I IJ OD@I@ KJM J=E@OJ
@S>GPNDQ<H@IO@ OM<INHDODM PI< N@MD@ ?@ >JIJ>DHD@IOJN O\>ID>JN J KMY>OD>JN

NDIJ LP@ =PN>< API?<H@IO<GH@IO@ OM<INHDODM Q<GJM@N NJ>D<GH@IO@ KJNDODQJN

M@NPGO<>G<MJLP@G<PODGDU<>D_I?@NJAOR<M@GD=M@>JIOMD=PT_<@NO@KMJK_NDOJ
?@HYN @G HDNHJ M@NPGO_ IJ NJGJ N@M PI< @S>@G@IO@ @NOM<O@BD< ?D?Y>OD>J
K@?<B_BD>< NDIJ O<H=D\I @>JI_HD><
 KP@N @G <CJMMJ ?@MDQ<?J ?@ NP
PODGDU<>D_IKJND=DGDO_LP@GJN@NOP?D<IO@NOPQD@M<IG<NC@MM<HD@IO<N?@NJAOR<M@
LP@ I@>@NDO<=<I
 <?@HYN ?@ IJ O@I@M KMJ=G@H<N >JI >JNOJN KJM
M@IJQ<>DJI@N?@GD>@I>D<NIDKJM@GI`H@MJ?@PNP<MDJN
GPODGDU<M NJAOR<M@ GD=M@@I@G?DN@^J?@ G<N<>ODQD?<?@N?D?Y>OD><N
 N@ GJBM_
AJMO<G@>@MT?@N<MMJGG<MG<N>JHK@O@I>D<NKMJKP@NO<N@I@G>JIO@ID?JO@HYOD>J
?@ G< H<O@MD< &*<O@HYOD><N !DN>M@O<N K<M< G<N ><MM@M<N ?@ DIB@ID@M]<
DIAJMHYOD><T>JHKPO<>D_I@I@G 2 "&?@G<2?@$?@HYN>JIOMD=PT@MJI<
G<>JINOMP>>D_I?@GJN<KM@I?DU<E@NKJMK<MO@?@GJN<GPHIJNTA<QJM@>D@MJIG<
API>D_IH@?D<?JM<?@G?J>@IO@
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
22""
)JN<GPHIJN<GO@I@M><NDOJO<GGD=@MO<?NJ=M@>_HJ?@=]<IN@M@IOM@B<?<NG<N
<>ODQD?<?@N
 GJBM<MJIKJO@I>D<MT?DQ@MNDAD><MNPAJMH<?@OM<=<E<M
T<LP@IJ
N@@SDBD_LP@AP@M<I@IOM@B<?<N@I<GB`IAJMH<OJ@NK@>]AD>J
NJG<H@IO@LP@
AP@M<I>JIO@NO<?<N@I@G<M>CDQJ?@N><MB<?J@DHKM@N<NK<M<KJNO@MDJMH@IO@
N@M@IOM@B<?<N@I@GOD@HKJN@^<G<?J
Referencias 
BP?@GJ/T#GJM@N# >ODQD?<?@N!D?Y>OD><N
GA<JH@B<
 M<@?

,SAJM?2IDQ@MNDOOT-M@NN*\SD>J
MM<OD<
 ,
 'Y^@U
 )
 *<MO]I
 * 
 T -\M@U
* 1 Matemáticas y 
nuevas tecnologías: educación e investigación con manipulación 
simbólica !@KOJ ?@ *<O@HYOD>< KGD><?< < G< &IB@ID@M]< "10
&IB@ID@MJN&I?PNOMD<G@N2IDQ@MND?<??@3<GG<?JGD?
"NK<^<
!@+YKJGD
-Software Libre para enseñar o aprender Matemática, por qué y 
cómo COOKH<O@?HP=<<MVK?@I<KJ>C<MG<NGH<O@H<OD><>C<MG<NG
H<O@H<OD><K?A JINPGO<?J@G?@N@KOD@H=M@?@
$_H@U
"Factores socioeconómicos y pedagógicos que inciden en 
el rendimiento académico en estudiantes 2IDQ@MND?<? +<>DJI<G
PO_IJH<?@+D><M<BP<+D><M<BP<
%  JIN@EJ $@I@M<G 2IDQ@MNDO<MDJ < Dictamen Núm. I/2012/381 
referente a la modificación del Plan de Estudios de la Ingeniería en 
Computación2IDQ@MND?<??@$P<?<G<E<M<$P<?<G<E<M<
*\SD>J
%  JIN@EJ $@I@M<G 2IDQ@MNDO<MDJ = Dictamen Núm. I/2012/383 
referente a la modificación del Plan de Estudios de la Licenciatura en 
Informática2IDQ@MND?<??@$P<?<G<E<M<$P<?<G<E<M<
*\SD>J
3DGG<GK<I?J @>@MM<
 ' #
 $<M>]< 0<I?JQ<G
  T /J?M]BP@U  <NOMJ
 ' 
Manual para la materia de Cómputo para Ciencias*<IP<GIJ
KP=GD><?J2IDQ@MND?<??@$P<?<G<E<M<
$P<?<G<E<M<
'<GDN>J
*\SD>J
Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
23""
3DGG<GK<I?J @>@MM<
 ' # T $<M>]< 0<I?JQ<G
   Matemáticas 
Discretas. Aplicaciones y Ejercicios M< @? $MPKJ "?DOJMD<G -<OMD<
*\SD>J
3DGG<GK<I?J @>@M<
 ' #  Software libre para la enseñanza de las 
Matemáticas: en búsqueda de alternativas b 0@HDI<MDJ +<>DJI<G
"IN@^<IU<?@G<N*<O@HYOD><N>JIG<N1@>IJGJB]<N?@G<&IAJMH<>D_IT
G< JHPID><>D_I DP?<?$PUHYI
'<GDN>J
*\SD>J

Q<I>@N@I*<O@HYOD><"?P><ODQ<1@>IJGJB]<TH<O@HYOD><N
